Objective: The aim of this study was to evaluate a short food frequency questionnaire (FFQ) against a four-day precoded food diary (PFD) with regard to frequency of food intake among Norwegian 9-and 13-year-olds. Subjects and design: A total of 733 9-year-olds and 904 13-year-olds completed first a short FFQ and one to two weeks later a four-day PFD. The short FFQ included questions about 23 food items, including different drinks, fruits, vegetables, bread, fish, pizza, sweets, chocolate and savoury snacks. The PFD covered the whole diet. Results: When comparing mean intake from the PFD with comparable food items in the FFQ, all food items showed that increasing intake measured with the PFD corresponded with increasing intake with the short FFQ. However, participants reported a significantly higher frequency of intake for most foods with the short FFQ compared with PFD, except for soft drinks with sugar and sweets. The median Spearman correlation coefficient between the two methods was 0.36 among the 9-year-olds and 0.32 among the 13-year-olds. Often eaten foods such as fruits and vegetables had higher correlations than seldom eaten foods such as pizza and potato chips. The median correlation coefficients for drinks alone were higher (r 00.47) for both age groups. Conclusions: Results indicate that the short FFQ was able to identify high and low consumers of food intake and had a moderate capability to rank individuals according to food intake. Drinks, fruits and vegetables had better correlations with the PFD than infrequently eaten food items.
F ood frequency questionnaires (FFQs) have been used as an epidemiological tool for several decades (1) . Many FFQs of variable lengths with primary aims to measure the whole diet have been developed and validated (2Á6). However, when a single nutrient or food group is of interest, short FFQs may be enough to assess the intake. Several studies among adults have evaluated short FFQs at the food intake level (7Á9), and short FFQs have also been evaluated among children and adolescents (10Á18). The advantages of a short questionnaire are the ability to collect data more frequently because it is less expensive than more traditional dietary assessment methods; it is less burdensome for participants to complete; and data processing time is less than what is needed for more extensive dietary assessment methods.
Measuring dietary intakes in children and adolescents is challenging. For example, children may have difficulty remembering quantities, and they are not always able to describe in detail the food they eat (19) . Also, the concept of time and estimation of mean frequency of food intake can be problematic for children. The main nutritional challenges among Norwegian children and adolescents are high intakes of sugar and low intakes of fruits and vegetables (20, 21) . Our intentions in developing a short FFQ were to monitor foods high in fat and sugar, along with fruit and vegetable intake. Both traditionally eaten food items such as wholegrain bread, potatoes and fish for dinner, use of butter on bread, and more modern foods such as pizza and sugar-and non sugar-containing beverages, along with intake of chocolate and sweets, (page number not for citation purpose) fruits and vegetables were included in the questionnaire. Moreover, the FFQ had to be inexpensive, undemanding, able to detect changes on group level and to rank children and adolescents according to food intake.
This article presents the evaluation of a short FFQ developed for use among children and adolescents. The objective of this study was to examine how well the short FFQ corresponded to a four-day precoded food diary (PFD) with regard to frequencies of food intake and mean food intake.
Subjects and methods

Subjects
A total of 1,018 9-year-olds (4 th grade) and 1,181 13-yearolds (8 th grade) were invited to take part in a nationally representative dietary survey, UNGKOST-2000. There were 733 9-year-olds and 904 13-year-olds who completed both a short FFQ and a four-day PFD. This corresponds to a participation rate of 74%.
The study protocols were approved by the National Committee for Research Ethics in Norway and the Norwegian Social Science Data Services.
Design
The data collection was carried out during SeptemberÁ December 2000. Students received an invitation letter along with a short FFQ at school approximately two weeks before food recording started. Students and parents who wanted to participate returned informed consent and the short FFQ by mail to the University of Oslo. A nutritionist visited each class and gave oral and written instructions on how the diet should be recorded. Participants received four PFDs and a photographic booklet depicting portion sizes. All participants were phoned on the second day of their recording period to encourage participation and provide answers to questions. Participants were instructed to call the study nutritionist any time if they had questions.
Short food frequency questionnaire
In the short FFQ, frequency of intake of 23 food items was recorded. Nine questions pertained to drinks: milk (four different fat contents), orange juice, fruit drinks and soft drinks with and without sugar. Furthermore, the FFQ contained questions about each of the following food items or food groups: potatoes, vegetables, fruit/ berries, potato chips, whole meal bread, fish for dinner (not including bread spread), pizza, hamburger/hot dog/ kebab, sweets, chocolate, savoury snacks, peanuts, cod liver oil and vitamin supplements. In addition, one question pertained to the use of butter/margarine on bread. The participants were asked to have in mind their food habits during the last year when filling in the questionnaire.
The short FFQs were filled in at home, and the participants could get help from their parents to complete the questionnaire.
The frequency scale used for drinks were neverÁseldom, 1Á3 glasses per month, 1Á3 glasses per week, 4Á6 glasses per week, 1Á3 glasses per day, 4Á6 glasses per day and 7 glasses or more per day. Half a litre was set equal to 3 glasses. For other foods the frequency scales were neverÁ seldom, 1Á3 times per month, 1Á3 times per week, 4Á6 times per week, 1 time per day, 2 times per day, 3 times per day and 4 or more times per day. The question about use of butterÁmargarine on bread was answered with yes or no.
In the short FFQ, the highest frequencies were rarely reported; therefore, for drinks the frequencies 4Á6 glasses per day and 7 glasses or more per day were combined for analyses. For other foods, the frequencies 3 times per day and 4 or more times per day were combined. The questions from the short FFQ about hamburger/hot dog/kebab and peanuts were not included in the analyses because these food items were not possible to match with categories from the PFD, and only a few participants reported in the short FFQ that they ate peanuts more often than three times per month.
Besides the food frequency questions the participants were also asked about age, self-reported height and weight, along with parents' education and questions about physical activity and meal patterns.
Precoded food diary
The participants received one PFD for each day they were to record their food intakes. The 18-page PFD had lists of 277 food items (28 drinks, 24 dishes and 255 food items) grouped together according to the typical Norwegian meal pattern (an example of the PFD can be found at the following web site: http://www.med.uio. no/imb/english/research/groups/dietary-research/methods). Each food group was supplemented with open space for food items/dishes not on the list.
Portion size estimations in the PFD were made by household units (e.g. glasses, pieces or tablespoons) or as portions estimated from photographs. Each participant received an evaluated photographic booklet that contained 13 colour photograph series, each with four different photographs ranging from small to large portion sizes (22) . The design of the PFD may be viewed as a cross-table, with food listed on the left and time span across the top. Participants indicated an eating event by filling in how many units they had eaten of each food item in the correct time span. Four time spans covered 4 hours each (e.g. 6 a.m.Á10 a.m., 10 a.m.Á2 p.m.) and one covered 8 hours (10 p.m.Á6 a.m.). Participants were instructed to either fill in the PFD immediately after finishing each meal or to record foods eaten on an attached memory note-paper and complete the PFD in the evening. The 13-year-old participants recorded their diets themselves, while parents helped the 9-year-olds to fill in the PFDs.
Data were scanned using the Teleform programme (6.0) (Datascan). Daily intake of foods Á food groups from the PFD (amounts in grams per day) were computed using the food database and software system (KBS, version 4.7, 2004) at the Department of Nutrition, University of Oslo. The food items from the PFD were also recoded into glasses per day and times per day to allow for a more direct comparison to the frequencies obtained from the short FFQ. For drinks, the amount in grams per day from the PFD was divided by 167 (half a litre equals 3 glasses) to get glasses per day. For foods, the PFD was divided into five time spans during one day, and when a participant indicated to have eaten a food in one time span it was counted as one time per day, independent of the portion size.
BMR, BMR-factor and energy under-reporters
Estimates of basal metabolic rate (BMR) were calculated from standard equations based on height, weight, age and sex (23) . The equations for girls and boys aged 4Á10 years and 11Á18 years were used. The ratio between energy intake and estimates of BMR can be used to calculate the number of participants in a dietary survey who underreport their energy intakes (24) . Based on estimates of BMR with 95% confidence limits, a diet record period of 4 days, and a physical activity level for girls and boys of 1.70 and 1.75, respectively (23), participants were classified as energy under-reporters when having a ratio between measured energy intake and BMR (EI/BMR) below 1.12 for girls and 1.16 for boys.
Statistics
Data were analysed using SPSS version 13.0 for Windows. Data from the short FFQ and the PFD were generally skewed; hence, nonparametric statistical methods were mostly chosen. The medians, means, 25 th and 75 th percentiles are presented. Participant characteristics are presented as means and standard deviation (SD). The food intake reported with the PFD was calculated both in gram per day and frequencies (glasses per day or times per day), and Spearman correlation coefficients were calculated between frequencies from the short FFQ and the PFD for both grams per day and frequencies. The confidence intervals of Spearman correlation coefficients were used to detect differences between girls vs. boys and all participants vs. energy under-reporters. The differences between the two methods were tested using Wilcoxon's signed-rank test. A nonparametric test for ordered groups (25) was used to test whether the short FFQ categories ranked daily intake from the PFD in a specific order. MannÁWhitney test was used to compare intake between participants and non-participants.
To evaluate the butter on bread, cod liver oil and vitamin supplement questions, we calculated the short FFQs specificity and sensitivity compared with the PFD. Specificity for the three items was defined as the number of subjects having answered neither to eat the item in the short FFQ nor recorded the item in the PFD as a percentage of those not having recorded the item according to the PFD. Sensitivity was calculated as the number of those having answered that they ate the food item, with both the short FFQ and the PFD as a percentage of those who had recorded the food item with the PFD.
Results
Characteristics of the participants are shown in Table 1 . The mean intake of food items from the PFD increased with increasing frequency categories from the short FFQ (Tables 2 and 3 ). Spearman correlation coefficients between the frequency reported from the short FFQ and the amount (grams per day) from the PFD ranged from 0.11 for pizza to 0.67 for low-fat milk among the 9-year-olds, with a median correlation coefficient of 0.36 (Table 2 ). Among the 13-year-olds, the range was from 0.14 for pizza to 0.63 for low-fat milk, the median correlation coefficient was 0.32 (Table 3 ). The median correlation coefficients for drinks were higher with 0.47 for both age groups. Similar results were found when the data were analysed for gender separately (see additional data Tables 5 and 6 ).
The short FFQ was also compared with food intake from the PFD recoded into frequencies per day (Tables  5Á6), as opposed to grams per day (Tables 2Á3). There were no differences in the Spearman correlations, whether food intake with the PFD was coded as frequencies per day or grams per day. However, participants reported a significantly higher frequency of intake for most foods with the short FFQ compared with PFD, except for soft drinks with sugar and sweets, which were reported at levels significantly higher with the PFD for both age groups (Tables 5Á6). There were no significant differences between the short FFQ and PFD for soft drinks without sugar, pizza and savoury snacks among both age groups, and for skimmed milk among the 13-year-olds.
Forty-nine 9-year-olds (7%) and 200 13-year-olds (24%) had EIÁBMR ratios below the lower cut-off points of 1.12 for girls and 1.16 for boys; these participants are likely to have under-reported their energy intakes during the PFD recording period. The association between frequency of intake reported by the short FFQ and the amount eaten by the PFD was similar whether the underreporters were included or not.
Sensitivity and specificity for intake of butter on bread, cod liver oil and vitamin supplements are presented in Table 4 . The sensitivity was high for the three questions in both age groups, while the specificity varied more, with the lowest value at 66% for vitamin supplements among the 13-year-olds.
Discussion
Several studies have developed and evaluated short FFQs with the aim of collecting data on fat intake, calcium intake or, more often, fruit and vegetable intake among children and adolescents (10Á18 years). We are not aware, however, of studies that have evaluated short FFQs with a broader aim of monitoring diet changes in sugar-and fatcontaining foods, fruits, vegetables and more traditionally eaten food items among children and adolescents.
In a validation study, the reference method should be as accurate as possible. The energy intake estimated from the PFD, used as the reference method in the present study, has been validated among 46 9-year-olds (26) and 31 13-year-olds (27) against energy expenditure estimated from a position and activity monitor. It was found that the energy intake was underestimated by around 15Á20% (26, 27) . In the present study, 7% of the 9-year-olds and 24% of the 13-year-olds under-reported their energy intakes in the PFD recording period according to the calculated cut-off points. Underreporting may have been caused by omitting some foods or food groups or a general under-reporting of amounts eaten. There are indications among adults that those who grossly under-report their energy intakes tend to underestimate intake of foods believed to be unhealthy (28, 29) . Sjö berg et al. (30) did not find systematic misreporting of foods among older adolescents, and neither did Lillegaard and Andersen (26) among 9-year-olds. In the present study, the association between frequency of intake reported by the short FFQ and the amount eaten by the PFD was similar whether under-reporters were included or not.
FFQs cannot be considered to have a global validity. Each item within a questionnaire and any combination of these into complex estimates can be described in terms of their specific validity. This becomes pronounced when looking at Tables 2 and 3 . Within the same questionnaire the Spearman correlation coefficient varies from 0.11 for pizza to 0.67 for low-fat milk, among the 9-year-olds.
We found that the mean intake of food items reported by the PFD was increased with increasing quantities reported by short FFQ (Tables 2 and 3 ). The trend was significant for every food item for both age groups. This indicates that the FFQ can be used to distinguish between low and high consumers.
The present study showed better correlations for drinks than for other food items. It might be that the preferred kinds of milk, soft drinks and fruit drinks are part of a more regular eating practise and are easier for children and adolescents to remember than the other food items asked about in the short FFQ. The number of days required to rank dietary intakes with desired precision varies between different study groups (31) and food items. Several studies have shown that day-to-day variability is high for foods, and usual intake of foods eaten rarely would be very difficult to capture (31, 32) . Correlation coefficients between the short FFQ and the PFD were mostly in the moderate range. However, the lowest correlations were observed for food items eaten at the lowest frequencies. This could be due to the relatively short recording period of four days.
As mentioned above, several studies have validated short fruit and vegetable questionnaires among children and adolescents (10, 12, 14, 15) . In the present study, the short FFQ overestimated the intake of fruit and vegetable compared to PFD. This has also been observed by others (10, 12, 16) . The correlation coefficients found between the short FFQ and the PFD in our study were in the midrange. Andersen et al. (10) , also using the PFD as reference method, found correlation coefficients from 0.21 to 0.32 among 11-year-old Norwegians when validating a short FFQ concerning fruits and vegetables. Others (12, 15, 16) have also found lower correlation coefficients than in the present study. A study by Eriksen (14) showed high correlation for vegetables (0.65) but lower correlation for fruits (0.27).
Results showed a tendency to over-report healthy foods such as low-fat milk, orange juice, boiled potatoes, a A non-parametric method was used to test for trend across ordered groups (Altman 1991 ). There were significant trends for all food items shown in Table 2 (p B0.01). b Spearman correlation coefficients (95% confidence interval) Evaluation of a short FFQ among Norwegian children a A non-parametric method was used to test for trend across ordered groups (Altman 1991 ). There were significant trends for all food items shown in Table 3 (p B0.01). b Spearman correlation coefficients (95% confidence interval)
wholemeal bread, fruits and vegetables in the short FFQ compared with the PFD, and this tendency was the same for both age groups. Two food items regarded as unhealthy, namely soft drinks with sugar and sweets, were significantly under-reported with the short FFQ compared to the PFD. The sensitivity for the three questions, 'butter on bread', cod liver oil and vitamin supplements, were high. Those who normally consume these food items also consumed them during the four-day recording period. The 'butter on bread' question was phrased: Do you normally use butter on bread? In this case, overreporting could have occurred because those who did not habitually use butter on bread may have used butter once or twice during the four-day recording period, thereby being coded in the wrong category.
Questions have been raised whether FFQs asking about usual intake are suitable for children (17, 19) because they require abstract thinking, knowledge about food names and food grouping, as well as basic reading and arithmetic skills. This may be too advanced for 9-year-olds, as well as young adolescents who may have problems filling in a longer FFQ (33) . In the present study, the short FFQ had few questions and was completed at home. There were only small differences in correlations between the two age groups studied, where the 9-year-olds showed slightly higher correlation coefficients compared to the 13-year-olds. Both age groups had the opportunity to complete the short FFQ together with their parents, but the 13-year-olds may have completed more of the questionnaire themselves compared to the 9-year-olds.
Conclusion
Results indicate that the short FFQ was able to identify low and high consumers of food intake and had a moderate capability to rank individuals according to food intake. Intake of drinks, fruits and vegetables Table 5 . Intake in glasses or times per day with the short food frequency questionnaire (FFQ) and with the precoded food diary (PFD) among 9-year-olds, n0733, median (P25, P75) a , mean reported in the short FFQ had better correlations with intake recorded in the PFD than did food items eaten less frequently. Table 6 . Intake in glasses or times per day with the short food frequency questionnaire (FFQ) and with the precoded food diary (PFD) among 13-year-olds, n 0904, median (P25, P75) a , mean 
